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~ INTR

The Monsanto Company, Seattle Pig

food flavorings and pharmaceuticals. = A
s_o!uﬁoh of calcium lignosulfonate. Sinc
composition of many admixtures used i
determine the. viability of their by-produc

At present, Lone Star Industries,

. Washington, Cement Plant. The by-produ

nt, is a producer of Vanillin, a material used in
by-product of their pr.oduc_fiop is a thixotropic
e calcium lignosulfonate is the base chemical
n the concrete indus\‘ii-y, Monsanto desired to

as such an admixture!

Inc. is using the by-product in their Seattle,
ct is added to the cement production process at

“the slurry line. It is blended with the raw materials for calcining. The addition of the

-by-product to the cement production proc
cement, neither has it been shown to enh

by-product. It also reports the results
-introduced into fresh concrete.

The study was conducted by C
‘Washington. Mr. Brucle E. Pallante, Seni
Company to Concrete Technology Corpor

SUMMARY AND CONCLUSIONS

Investigation of the lighosulfonate

ess has not been shown to be detrimental to the

ance any cement properties. This report details

the results of a study to determine the effect of treatment of cement with the Monsanto

of the use of the by-product as an admixture

oncrete Technblogy J_L‘orporation of Tacoma,
or Process Engineer, rlrpreserited the Monsanto
|

tion and was principal liaison.

based by-product was |elementary in scope, the

purpose being to discern the effect of trLatmeni, if any, upon ‘the physical properties of
concrete made with |) cement manufactured using the by-product in the production

process, and 2) concrete manufactured
odmixture. '

_ The investigations centered on def
bilx;fy, and times of set. The strength et
tensile splitting strength, and elastic mod
of cement contents and doSages of by-pro

using the by-product as a water reducing

ning changes in the concrete's strength, worka-
valuation was based upon comﬁressive sfrengfh,
ulus of 4 by 8 in. cylinders produced. over a range
duct. The effects on the properties of the fresh

(plostic) concrete were determined by tests for density (unit weight), air content, slump,

_and time of initial and final set. All t
-except time of set, which was simply an e

mpirical observation.
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ests were in compliance with ASTM standards’




"slurry line. It may also help keep the slurry in suspension.

- This wos done because no other samples

- property affected. o _ | LT

EEREEEERRE R

The conclusion drawn from the study|of the cement modt'_a;:_wr '
to the raw cement materials is that the by-product is not det tal
cement. No evidence was shown of enhancement of any broperty Io efe. l}{bmﬂg,ﬂ}
may aid cement production by reducing water requirement for 'g'iiren linfthe]

on is recommended:

Further study of .cement made with lthe by-product additi
future work should be conducted on cement from one'production J-un, before
addition of the by-product. The present istudy used as the conltrol, a c:'e _
several months previous to the introduction of the by-product irto Lc.>n£:3 Sfo}fé
ere available. The ramifications\of

explained under compressive strength test ilesults.

The tests conducted with the by-,produét ‘odded to fresh concrete ‘indicate "l
by-product has some capacity for chcn_ging ﬂ_i_'e slump of plastic concrete. The éh_q_nge.
slump was small, however, for the qua'nﬁfy of by-product used. Thus it is not as effective

as admixtures presently used in the industr .and shows no porﬁcular promise in its present

. formulation. If the trace solvents_werélrélmbved, the base lignin would probably pei’formf

better. That question remains unanswéred_ __'s_ince it was beyond the scope of the
investigation. .There is also ir{dicatidri‘fhgt _large doses of :thtl- by-product may cause,
detrimental effects. These questions ;iré"'éiét':us_'_sed in the report under the hcod_ing'.biifb

A N

P
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DEFINITIONS

!
: !

Cement: A powder of aluming, silica, lime, iron oxide, and mognesia burned together in a

kiln ond finely pulverized and used as an ingredient of mortar cmd'i concrete. !

Concrete: A hard strong building material made by mixing d cementing material (as -

portlland cement) and a mineral aggregate {as sand and gravel) with sufficient water 10
cause the cement to set and bind the entire mass. :
Compressive Strength: The measured m:xlmum resistance of Ia concrete specimen to
axial loading,. expressed as force per unit cross sectional oreo., It is the specified

resistance used in design calculations. In the United States, it |s expressed in pounds per

square inch (psi) and designated f'c. Standard Method of Test, ASTM C 39,
: ¢ : o

Tensile Splitting Strength: The maximum|resistance of a concrete cylinder specimen to

-diametrical compression stresses, the ability to withstand bemg pulled apart. Standard

-‘Method of Test, ASTM C 496.

i

. ' : |
Density: The mass per unit volume of concrete, expressed in the United States as pounds

. i

l

l

‘per cubic foot (pcf). Standard Method of Test, ASTM C 138.

. ‘ . .
Slump: A measure of consistency of freshly mixed concrete iequal to the subsidence

measured to the nearest |/4 in. of @ molded truncated cone. The mold is in the form of
the lateral surface of the frustrum of a cone with the base 8 in. in diameter, the top 4 in.
in diameter, and the height 12 in. Standard Method of Test, ASTM C 143.

Air Content: The volume of air voids in cement paste or concrete, exclusive of pore
space in aggregate. Usually expressed os|o ‘percentage of total| volume of the paste or
concrete. Standard Method of Test, ASTM IC 231. i "

AGC2E000163




¥
[

. I z. ’. ‘il ‘. —r

. ASTM C 403.

. . . - - S b ] 3 4 H 4 - 3
E . - . - : al v "

i " ¢ Ty ) . N ’ i

L . | . 1 I P

observation indicating the time in hours

" Time of Set: A degree of stiffening jof concrete general!yil stated as an empirical -

and minutes required for concrete to stiffen

sufficiently to resist peneﬂf_otion by laboratory penetrometers. Standard Method of Test,

Elastic Modulus: The ratio of normal

' / N ,
stress to corresponding strqin for tensile or

compressive stresses below the propdrti:mal limit of the material. The modulus is

- expressed as pounds of force per unit of area (psi) in the United States. Standard Method
-of Test, ASTM C 469. :
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INVESTIGATION.FORMAT -

This experiment corhparéd concre

Monsanto by-product was used in the manufacturing process (h

cement or concrete "M") to a cement wil
cement or concrete "C"). '

Cement with By-iroducf/Cément With

tes - made with .type

t

, .
1l- cement .in which the

ereinafter referred to as

hout the by—produét (hereinafter referred to as

Two control concretes weré produced containing 4.5 and 6.5 sacks per cubic yard of

cement C. Two additional batches of

concrete were 'producled ‘at the same cement

content using cement M. The four batches were compared for| unit weight, air content,

and slump. Six 4 by 8 in. test cylinders and two 6 by 12 in. cylinders were molded from
each of the four batches and tested for strength at I, 7, amlﬂ 28 days maturity. The

strength specimens were ambient cured for 24 hours before revaing' from molds. After

mold removal, the specimens.were stored in 73 deg F lime-saturated water until time of

test.

TEST RESULTS

|
|
|
!
[
i
.l

A. Compressive Strength

Compressive test results of the 4 by
cement M is not of the same quality as con
4.5 sack cement content level, concrete
The 28 day
_ better with concrete C developing only 46

substantially. higher figure.

ages of | and 7 days, concrete M outperfor

It is suspected the two cements var,

8 in. cylinders indicat
crete made with ceme

results of the 6.5 sac
0 psi greater strength.
med concrete C.

nt C. At 28 days age and

C developed 200 psi more than concrete M, a

k mixes were somewhat

However, at the earlier

y in their tricalcium silicate and/or tricaicium

aluminate content. Examination of the cement mili certificate does not-reveal any large

variations in the potential compound com|
These chemical compounds contribute:

Losition of the cement

the most to early

utilizing the by-product.
. strength 'development.
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However, it should be emphasized that the pofténtial-compound

mill certificates are.only caleulations and not medsurements.

‘which are not yet fully understood, the

" rough indications of the amounts of various minerals presenf
actual mineralogical

cement can differ appreciably from that given by calculations.

very small changes in raw materials can

finished cement.

certificates to differ markedly in their rat

Thus, it is possible

produce large effects
for two cements wi
e of strength developm

in cement.

ent.

compositions reported on
As such, they give only
For reasons
composition of portland
t is also emphasized that
in the properties of the
th nearly identical mill

The early strength advantage demonstrated by concrete M may be attributable to

results. Cement mill certificates are appended.

B. Tensile Splitting Strength

-the dbove. The 28 day strength, though less than the cmi\trol concrete, is quite

satisfactory. Strength data are presented in Table I. -Figure | presents a graph of the

Tensille splitting strengths for concrete M are combarJ;ble to those found for

~concrete C. The small differences are qu

testing. The data are found in Table 2. Results are graphed in Figure 1.

te probably due to the.vogaries of sampling and

TL\BLE I
o o ComprgLsive Strength
| Day 7 Days . 28 Days
Individual | Individual | Average - Individual Average
(psi) (psi) (psi) _ (psi) (psi)
' | " 16610 | 8440
4.5 sack cement C 1310 €730 6670 8240 8340
-. | _ 6010 © 7520
4.5 sack cement M 1430 6010 6010 7360 7440
" ' 8800 10590
6.5 sack cement C 1950 8960 8880 10470 l0530
| ' ' 9310 ' 10430 '
6.5 sack cement M 2990 19760 9240 9710 10070
6
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TABLE 2
‘ -. f_ril.Jn“é Strengih
4.5 sack cement C _. L 570 psi
4.5 sack cement M ' 630 };si
_ B |
6.5 sack cement C| 710 r;»si
-.6.5 sack cement M | 790 )Iasi

av,

‘C.  Density

The mass per unit volume of conctete produced with both cements at two cement

~ content levels was normal in both the plastic (wet) and hardened states. There was no
- indication of variation in density due jto addition of the by-product to the cement

-manufacturing process. The density ddfa,ure found in Table 3.

The plasticity of the fresh concrete was as expecteéd with no. difference noted
‘between the two cements at either cement content level. Siump data are found in
Table 3. '

Air content tests v(rere conducted on all four batches of concrete using
ASTM C 213-75, Pressure Method. No significant deviations from normal were expected
-or found. Data are located in Table 3. S

F.. Time of Set

All batches of concrete displayed normal set times for type il cement. No
difference was apparent between the conventional cement 'an!d the by-producf treated

. . 1
cement or between cement content levels.

- Data are Iocoted. in Table 3.
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TABLE 3
Cement Density Density Slump Time of Set
4.5 C 155.21 156.0 1.25 in. | 2 hrs 10 min }
45 M 155.9 153.5 1.25 in. 2 hrs
6.5 C 155.9 I55.5 1.0 in. 2 hrs '
6.5 sx M 155.2 - 154.3 1.0 in. 2 hrs 15 min
’.
i
i
i'
i H
| '
|
|
|
9
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. Use of By-pr bduct os Admixture

. INVESTIGATION FORMAT

Four batches -of concrete were produced using the somelmlx desngn (propomons)
The only variable was the amount of by-;')roduct added to the concrete. The mix design
(proportions) used is appended. The additjon rates of by-product per 94 ib sack of cement
were 0 0z, 8 oz, 16 0z, and 32 0z. The treated spe'cimens were compared to the zero
dosage control'specimen. After measuring unit weight, slump, and air_ content of the
fresh concrete, six 4 by B in. cylinders and two 6 by 12 in. cylinders were cast and stored
in a saturated. Ilme-wafer solution in occc}:rdclnce with ASTM C [92- 69 and tesfed at 1, 7

-and 28 days mafurny. _ ;

TEST RESULTS .

l
A. Compressive Strength , : : ‘;
!

Compressnve strength of the concrete made with the by- product odded at 3 dosage
levels indicated the material does not aidjand, in large quontmes, may be detrimental to
concrete strength development. All concretes containing the by product tested equal to
or less than the control concrete. The clontrol specimen at 28 days tested at 9,120 psi.

"The 8 and 16 oz dosages of by product yaelded 8,840 ond 9, |60 psi, respectively. The
apparently equal strengths were feit to be from the same populoflon of strength values as
the control specimen. The 32 oz treatment yielded only 8,060 psn, approximately 1,000 psi
less than the control, 8, and 16 oz treqtments. The concrete containing 32 oz of
by-product per sack of cement displayed <|:| glossy, bubbly appeartl:nce indicating a reaction
with the cement. This reacnon appeared to be generating gas, leaving the matrix with

numerous volds. ‘These voids are believed ffo occoum for 1he lower strength.

_ A concrete producer using 1he by-product at the 32 oz per sack 1reotmenf level

would have to use at least one sack of cement more to ochte_ve the same strength as

concrete without the by-product. Thus, no strength benefit is d:emonstroted from the use.
o : ~ |

10
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_split matrix displayed large voids when
splitting data are found in Table 5 and gra;Lhed in Figure 2.

C.  Densities

N specimen. These voids apparently have

-of the by-product and o question is raised regarding possibie idetrimental effects with :

large treatments.

l

The strength data are.found in Table!4 and graphed in F igur;F 2
. |

B. Tensile Splitting S'_trength

Split tensile tests indicate the tensile strength of fréafed concrete remained

- | -

wunchanged except at the 32 oz per sack treatment level. The split tensile strength of that - -
specimen was 26 percent lower than the c¢ontrol, 8, and 16 oz er sack treatments. The

compared to the other specimens. Tensile

The fresh unit weights of the plastic concrete were nolmial in all cases. The

hardened unit weights were determined
28 days. That condition makes possible

after immersion in lime-saturated water for

the measurement of | the concrete's heaviest

weight. The concretes with 0, 8, and 16 oz doses of by-product gresponde_-d normally with

slight increases in mass due to absorp

ion. The concrete \:wifh the 320z dose of

by-product apparently absorbed very little water. The lighter (:Jn“ Weighf of the 32 oz

treatment corresponds closely with its lighter wet unit weight but the concrete actually

unfilled during the soaking period. That ra

-lost mass during the interim. This is believed due to the presence of many voids in that

an impermeable wulli so that they remained
ses the possibility that the by-product in large

dosages may tend to enhance impermeabiﬂity of concrete. That question bears further

investigation.. The unit weight and graph ar

e found in Table 6 and Figure 3.
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- Compressive Test Results

TABLE 4

Tensile Splitting Tests

| Day 7 Days . 1 28 Days

Individual Indi.viduul - Average I}\dividuall Average

(psi) (psi) (psi) ' (psi) - (psi)

¥ 7560 ' 9390 :

Control Concrete 1590 | 7560 | 7560 8840 9120

' 7370 8480 '

8 oz/sx by-product - 1630 €800 7060 9200 8840
2 7160 | . ' 19270 _

16 oz/sx by-product 1790 2400 7280 | 9040 9160

6760 i 8520 ;
32 oz/sx by-pro@uct l79q 6960 . 6860 7600 80§0
IAéLE 5

1 28 Days
s
' émtrol concrete 690 psi
8 oz/sx by-product’ 600 psi
16 oz/sx by-product 640 psi|-
: .32 oz/sx by-produ;:f I 510 psi
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TABLE 6

Concrete Density (pcf) .

Slumg

f.lliiiIlIlIIlIIII-_

¢
|

o)
]

-copy of this standard is appended.

Wet Hardened
= gﬁ==’===\
Control 150.88 151.07
8 0z/sx by-product .150.88 152.3
16 az/sx by-product 150.88 152.65
32 az/sx by-product 151.87 151.4
' ‘134.0 :
| : _
1330 ! -
- bordened d'.luloy
3 l/)/\ |
> me N
E :
[
. -t
L0 —
\-o' density
' 150.0 :
-‘co-otrol) s 1o !
.'y_—p'r;oduu_ (ozl.k). |

Fi'ggre 3
: i

Increasmg dosage Ievels of by-produt:t at fixed water conte
or plosﬂcnty, or fresh concrete through tHe normal range of usa
increases the slump linearly through 16 oz per sack of cement.
level the relationship departs from 'Iinearify with the concrete displaying a glossy, bubbly
consistency. These tests indicate the possnblllty of usmg the by-
e A water reducing admixture if the materml can be shown compliable to ASTM C 494. A
Slump data and groph are found in Tabie 7 and

3
|
| 14
|
|

ents increases the slump,

ge. Doubling the dosage
At the 32 oz treatment

product as an ASTM Typ

AGC2E000174



AR NN ENENENEEEENENN)

JABLE 7 . ! -
|
Slump |
Control : ' 3.25|in.
8 oz/sx by-product _ 4.5 ’in.
16 oz/sx by~-product| = 5.5 lin
32 oz/sx by-product | _ 7.5 iin.
l : —
S - : !
7.0 0 - I
. 6.0 : . : !
3| s }— /( .
= 4 a
RY — ]
£ !
s| 3.0 :
= i
20 ;
. . ! 1
1.0 —
0 S
: . .0 8 ' 16 : 82
P .- {eontrol) ‘ '
‘ ' .ly-p:;odnﬁ (oz/sk)
_ T ' Figure 4
~E.  Air Content - _ . | - i

The air content of the trial bctchel was determined usin£g a pressure meter. The

-mix design assurned 2 percent air entrapped in the matrix. Since no air ‘entraining agent

was used, air contents larger than 2 percent were deemed attributable to the by-product.
Results indicate the by-product entrains air linearly through the |I6 oz per sack treatment

level. At the 32 oz per sack level the air content was twice as much as the |6 oz per sack

y
5 f
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level. The concrete containing 32 oz per sock had a very glossy, bubbly appearance
mdnccmng an increased level of air or |gas. The air contemr test cbnfirmed this by

- measuring 4 percent. Alfhough this is not in the detrimental' range, if used with other air
' entraining agents such as vinsol resin, it could possibly be dlffxcuh to control the amount
- of air generated. ‘The air content data are found in Table 8 cnd F igure 5.

P

ABLE 8 .

1
Air Content
Percent Air
_._%%@%
:.8 oz/sx by-product| 175!
16 oz/sx b'y-produc!t - 2.0 i .
32 oz/sx by-product 4.0 |
0%
4 —
7
- .3 i
€ '
o
€ Q
. q
9 ' 2.0%
2 - <
et 1.75% |
< 13% |
ST d | |
i |
1 9. . .
' 16 32|

. 0 . .08
S ‘ (co.no’rol) [

. . .
By-product (oz/sk)

Figure 5

| e
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F. Time of Set

!
1

. ! _ .
All frial batches revealed setting times of approximafelyg 2 hours 5 minutes, well

-within the working range of 2 to 3 hours.

G. _Elusﬁc Modulus

The elastic modulus of the concrete fnade vo_lith by-'producf
re found in Table 9.

3.5 x 10° psi 0 6.0 x 10 psi. Test results g

" Elastic Moﬂulus

TABLE 9

L
Control - No By-ProducT

Modulus| (psi)

—
8 oz treatment

16 oz treatment

32 oz treatment

89 x jo‘

!
T
1
H

5.5 106

43x 108

H. Leachates

After compressive testing, the ruptured cylinder specimens.
for observation of |eachates. Particular uiﬁenﬁoﬁ was given to
ation or unusual leaching as evidenced bylcrys?alline growth on

Jrved and no change i

ruptured cylinders. No leaching was obs

"noted.

.

s in the normal range of

were immersed in water
inspection for discolor-
iﬂ'\e eqused surfaces of
n pH of the water was
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Mix Desigﬁs (proportions)

A. 6.5 sack desigﬁ for cemént with by-produc'r/cemen_t without

‘B_. 4.5 sack design for cement with by-product/cerﬁenf without

C. 6.0 sack design for use with increasing quantity of by-

ations for Chemical Ad

D. ASTM-CA494, Stqndard Specific
for Concrete

E. Cement Mill Certificates
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. C@NCRETE | ‘ MONSANT ) -éli-'z DU :
TECHNOLOGY E ' ronuse wﬁCEMZNTCJ o

CORPORATION LS
o | A
1123 PORT OF TACOMA ROAD / TACOMA, WASHINGTON 98421 / (206) 383-3545
CONCRETE MIX DESIGN
. ' - : : t :
FINE COARSE :
ITEM CEMENT SN0 | pcaregatt | accRecaTe | WATER AR TOTAL
SSD WEIGHT | &1l 1325 S T A 1%% 4173
| _ _ Sy
PERCENT ' _ ]
AGGREGATE 50 - : 60 O
WEIGHT |
| SPECIFIC . L - '
SPECIFL 35 212 | | .2.73
| aBsoLute | - | ‘ - :
ABSOLY 3| 780 ot o1 | 4.015: 0.41 27.0
L |
' . {
MOISTURE ' |
CONTENT |
|
_ _ ;
ABSORPTION , . | g
PERCENT | 20 : >0 |
CORRECTION - ' o
PERCENT
: !
CORRECTION !
POUNDS . ’ i
TOUNDS i
BATCH . |
WEIGHTS |

GRADATION - PERCENT PASSING

" 1" 1" 3/4% 1/2" 3/8" 5/16" | #4 #8416 #30 #50 #100 #200

AGC2E0001789




i “d?"‘ :

i- MONSAM&?-P:RODUC;T TESTS
FOR USE WITH CEMENT C AND M
(4.5/sx)

g

i

CONCRETE@ o
g coocr®&l
i CO_RPORAHON

' . ’ : ' P 5 : :
~ 1123 PORT OF TACOMA ROAD / TACOMA, WASHINGTON 98421 ; (206) 383-3545

_<:c>hx:FuzjizAnmx::xasu:rq

. - | .
. FINE ; COARSE : :
ITEM | CEMENT SAND AGGREGATE | AGGREGATE HAT%R AR - TOTAL

SSD WEIGHT [ 423 1391 | 208 | g | iuw 4150

PERCENT
AGGREGATE
WEIGHT

SPECIFIC
-GRAVITY

| aBsoLute | { - ‘
VOLUME 215 | a9 | 1225 4.0 04l 21.0

'MOISTURE
| CONTENT

ABSORPTION _ _ :
PERCENT | >1.0 >1.0

CORRECTION
PERCENT

CORRECTION
POUNDS

BATCH
WEIGHTS

GRADATION - PERCENT PASSING

3 Iy 1" 3/4" 1/2° 3/8" 5/16" #4 - #8 #16  #30 #50 #100 #200
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M. CONCREE
" TECHNOLOGY
M CORPCRATION

| monsAo BY-PRODUCT
. FOR USE AS BASE DESIGN
IN TESTS AS ADMIXTURE

(1]

* _ | |
. _ 1123 PORT OF TACOMA ROAD / TACOMA, WASHINGTON 98421, (206) 383-3545
H. CONCRETE MIX DESIGN
o } . N B
FINE ) | COARSE ‘ o
H _ ITEM CEMENT SAND AGGREGATE | AGGREGATE WATER AIR TOTAL
SSD WEIGHT 1333 ° ! 1999 8.33 %% 4154
: 564 i : 258 .
e . J .
- PERCENT ; !
AGGREGATE 40 i 60 i
WEIGHT . |
Seetlc | ‘:
eraviry | 3IS an 273 1.0
A BPX 7.85 73 | 403 0.1 26.99
MOISTURE J |
CONTENT | i
.‘ ;
ABSORPTION 3
CORRECTION :
PERCENT ]
CORRECTION | f
POUNDS g g
BATCH . g
WEIGHTS 5 |
L - i
. | |
GRADATION - PERCENT PASSING !
H o |66 | — a2 32| 2afas]| 5] 1
O B 1" 3/4" 1/2° 3/8" 5/16" #4 - #8 #16 #30 #50 #100 #200

B ISR

AGC2E000181



